The bulk DNAin bleomycin-sensitive ascites hepatoma, AH66, was more susceptible to single strand scission by this antibiotic than that in the resistant AH66Fcells. The break was repairable in the resistant cells, while it was incompletely repaired in the sensitive cells. Rejoining was inhibited by actinomycin D but not by cycloheximide. The sedimentation coefficient of bulk DNAwas reduced with increasing lysis time of the cells in alkali-sodium dodecyl sulfate before sucrose gradient centrifugation, while that of damaged DNAin bleomycin-treated cells did not change further under the same conditions. This suggests induction of breakage by the antibiotic of an alkali-labile linkage in the chromosomal DNA.
Methods of tumor cells: Ascites hepatoma, AH66or AH66F,cells were inoculated into the abdominal cavity of Donryu rats. On the third day after inoculation, 50fid of [3H]thymidine (25 Ci/mmole, Radiochemical Centre) was intraperitoneally injected and ascites fluid was withdrawn 18 hours later. The cells were washed with physiological saline and suspended in modified Eagle's minimum essential medium (MEM) (Nissui Seiyaku Co.) at 2x 106 cells/ml and incubated at 37°C for 30 minutes. Treatment of cells with bleomycin and reincubation: The cells in 1 ml of MEMwere incubated at 37°C for 30 minutes with bleomycin A2, copper free (Nippon Kayaku Co.) at various concentrations and washed three times with 10 ml of MEM at 0°C. To permit repair, the cells were reincubated in 1 ml of the mediumwithout bleomycin at 37°C for 30 minutes.
Cell lysis and sucrose gradient centrifugation: The cell suspension containing 1^2x 105 cells/0.5 ml wasplacedon top of0.5 ml ofa lysing solution (pH 12.5) consisting of 0.1 n NaOH, 2 % sodium dodecyl sulfate (SDS), and 10 mMEDTAwhich was layered on 16 ml ofa 5^20 %(w/v) alkaline sucrose gradient containing NaOH, 0.1 m NaCl, 1mMEDTA, and 0.01 % SDS (pH 12.5). The gradient was kept at 20^25°C for 20 minutes before centrifugation at 25,000 rpm for 60 minutes at 20°C in a Hitachi SW25.3 rotor. Twenty 0.85-ml fractions were collected and 0.1 ml of each fraction was spotted on a paper disc (Whatman 3MM,2.5 cm) which was then washed three times with cold 5 % trichloroacetic acid and ethanol, dried; the radioactivity was measured in toluene scintillator. The recovery of radioactive material was more than 80 %. Washing or not wasnmg of the paper disc with trichloroacetic acid did not change the distribution of radioactivity. To isolate the double-stranded DNA, the cells were placed on top of a lysing solution (pH 7.0) consisting of 2% SDS, 10mM Tris-HCl, and 10mM EDTA layered over 5~20^sucrose gradient (pH 7.0) containing 0.1 m NaCl, 10mM Tris-HCl, 1 mMEDTA, and 0.01 % SDS.
Results
Breakage and Repair of DNAin Bleomycin-Sensitive and Resistant Ascites Hepatoma WhenAH66or AH66Fcells were kept for 20 minutes at 20°C over alkaline lysing solution and then centrifuged at 20°C for 60 minutes, the estimated sedimentation coefficient of single stranded DNAwas about 380S from which the molecular weight could be calculated as 4.4x 109 daltons (Fig. la, le) . Incubation of the cells with bleomycin at 37°C for 30 minutes decreased the size of DNAand the extent of strand break was higher in sensitive AH66than in resistant AH66Fcells. About one-half of AH66DNAdamaged bv 50 «s/ml bleomycin was repaired incompletely to 280S damaged by 100 /*g/ml of the antibiotic was not entirely repaired under these conditions (Fig. Id) . The broken DNA (280S) of AH66F treated with bleomycin even at 100^200 j«g/ml could be repaired completely (Fig. lh) . The amount of double strand scission was extremely small as observed in the neutral sucrose gradient cen- After extraction using phenol with minimumshearing, both DNAfrom the bleomycin-treated and untreated cells were sheared into the size of 20S-30S in alkaline sucrose and no significant difference in the size of single stranded DNA was observed.
Repair of the single strand scission in AH66F was inhibited by actinomycin-D at 5//g/ml (Fig. 3a) which markedly decreased the incorporation of uridine to 6%" of the control and weakly inhibited DNA (to 58%) and protein synthesis (to 45 %). Therepairwasnot affected by 140 we/ml of. cycloheximide (Fig. 3b) , which inhibited protein synthesis more strongly (to 2 % of the control) than DNA(to 44 %) or RNAsynthesis (to 70 %). No decrease in sedimentation coefficient of bulk DNAwas observed when AH66Fcells were treated with 5 ftg/ml of actinomycin-D.
Degradation of Bulk DNAby Alkalisodium Dodecyl Sulfate
By allowing AH66 cells for a long period at room temperature with lysing solution (alkali-SDS) before centrifugation, sedimentation coefficient of bulk DNAwas decreased depending onthelysis period as shown in Fig. 4 , TheS value was changed from 380S (4.4x 109 daltons) to 160S (5x108d) via280S (2x109d) and 220S
(l X 109d) during 120-minute lysis (Fig. 4a-4d) .
In contrast to such changes in the size of bulk DNA, the sedimentation profile of DNA in bleomycin-treated cells was unchanged during the same lysis time (Fig. 4e~4h) . After storage of cells for 48 hours at 20°C in lysing solution, DNAin both untreated and bleomycin-treated cells was converted to 66S (5.5x 107d) and there was little difference in size between control and damaged DNA (Fig. 5) . No DNAmolecules smaller than 66S were observed after longer (c) repaired DNA lysis time.^-Phage DNAwas not degraded under the same conditions. On the other hand, the sedimentation profile in the neutral sucrose gradient did not change during standing of the cells at room temperature for 20 hours with 2 % SDS-10mM Tris-HCl-10mM EDTA(pH 7.0). Similar degradation of DNA was observed with AH66F cells.
Discussion
Bleomycin-sensitive AH66cells were proved to be more susceptible to single strand scission of DNAby bleomycin than resistant AH66F cells (Fig. 1) , although the factors which contribute to the difference in susceptibility are still not clear. The sensitivity possibly arises from the reduced inactivation system for bleomycin or high permeability of cell membrane of the sensitive cells.
Low activity of the bleomycin-inactivating enzyme in squamous cell carcinoma has been described.10) The single strand bulk DNAin AH66and AH66Fcells had a sedimentation coefficient of 380S corresponding to 4.4x 10* daltons evaluated by Studier's equation113 but during a 120 minute lysis time, this peak shifted to 160S (5x 108 daltons) and the intermediate sizes of 280S (2xl09d) and 220S (lxl09d) appeared depending on the lysis period in 0.1 N NaOH-2% SDS-10mMEDTA (Fig. 4) . Such a change in sedimentation profile would suggest an alkali-labile linkage in chromosomal DNA.A similar size ofsubunit was also observed in Chinese hamster cells12) employing 0.5 m NaOH-0.1 m EDTAas a lysing solution. The damaged DNAin AH66 or AH66F cells treated with bleomycin exhibited an S value corresponding to such intermediate; DNAin AH66Ftreated with 50~200fig/ml ofbleomycin had 280S and that in AH66 treated with 100/^g/ml was 160S (Fig. 1) . The damaged 160S peak did not shift to a smaller peak during 120 minutes oflysis time (Fig. 4) and this fact indicated decomposition of bulk DNAinto 160S subunit via 280S by bleomycin. The process producing 280S, 220S and 160S DNAseems to be different from random breakage of DNA strand since the change occurs within a short lytic period. Presence of an alkali-labile bond of chromosomal DNAhas been suggested12'13) but nature of this material has not been described yet. Inhibition of rapair of DNAin AH66F (Fig. 3a) by actinomycin-D suggested that RNAsynthesis was a prerequisite for the repair of breakage in such region. The 160S DNAwas further decomposed to 66S during 48 hours storage of the cells with alkali-SDS (Fig. 5) . This process may involve random degradation of DNAsince several reports have indicated that single stranded DNAmay be hydrolysed by alkali in the presence of CsCl.14'15)
